;e3ef | dx6Tf & DI SK RECORDI NG APPARATUS AND DI SK RECORDI NG METHOD, AND DI SK
PLAYBA ND DI SK PLAYBACK METHOD BACKGROUND OF THE | NVENTI ON The
pr esent | ates to a disk-like recording nedium a disk recording
appar at us ang@mnéi sk recordi ng nethod, and a di sk playback apparatus and a
di sk pl ayback nethod, and particularly to a disk-Iike recording nmedium a
di sk recordi ng apparatus and a di sk recording nmethod, and a di sk pl ayback
apparatus and a di sk pl ayback nethod that make it possible to reproduce

auxi tion of a disk reliably. As wite-once or rewitabl e disks
are Nﬂwmmm replication of which is prohibited (for exanple contents
dat a sucq nmusi ¢ data ppgkvidee @aceorpIdceMe®duly, copyright or the |ike)

may be |Ifegally copied. On a DVD (Digital Versatile Disk), for exanple, a

BCA (Bur st Oﬂ&%knaEébﬁewasA@rp@ﬁA% NP TRMA0 RECI AN GRPHEY, bet ween
di sks. The BCA provided on a DVD wl| be described wth reference to Fig.

Nerory)) 15 TP B AP ool <0 ot ey BhyeRe ilhagpry o Access

al um num garnet) laser at a factory prior to shipnent, whereby stripes (bar
code) is forned al ong the innernDst circunference by renoving) in a radial
direction,_ narrow str refleétlng filmmade of alum numor the |ike

fornedtnP%ﬁ#??ﬁﬁst?% %? fﬂgEﬁFg The stripes show auxiliary information

such for exanple_as an I D nunber and other identificatjon, informtion and
an encryption kéfe BRETSEL 21ETOIMET R ESDoR 338 Sk ohl*®he i nner nost
circunference of the DVD 1. Data structure of data recorded in the BCA 2 is
shown in FReeréingreeditin. racet sedr PROTAENBCAPPaRASUS PBR 8f diFle
recording method, and a disk playback apparatus and a
disk playback method, and particularly to a disk-1like
recording medium, a disk recording apparatus and a disk
recording method, and a disk playback apparatus and a
disk playback method that make it possible to reproduce
auxiliary information of a disk reliably.
As write-once or rewritable disks are spread, data
replication of which is prohibited (for example contents
! data such as music data and video data protected by
copyright or the like) may be illegally copied. On a DVD
(Digital Versatile Disk), for example, a BCA (Burst
Cutting Area) is provided to prevent illegal copying
between disks.
The BCA provided on a DVD will be described with
reference to Fig. 1. A BCA 2 of a DVD 1 (DVD-ROM (Read

only Memory) or DVD-RAM (Random Access Memory)) is

irradiated with pulse laser light of a YAG (yttrium-



bytes as one unit. A first one byte of the row of five bytes is a sync byte
(SB) or a resync (RS). A BCA Preanble is recorded in four bytes of a first
row. The BCA-Preanble is data including only Os. Four bytes of each row in
a BCA data field is an information area or an EDC (error detection code).
Four bytes of each rowin an ECC (error correction code) area is error
correction code. A BCA-Postanble is recorded in a |last row Wen the data
recorded in the BCA 2 is to be reproduced, a reproduci ng appar at us
generates a clock on the basis of a reproduced signal of the BCA-Preanble
part by neans of a PLL (Phase Locked Loop), and perforns 2 denodul ati on

and errorafmm\l?armtﬂ Pagggtseman@qc%tr@ogr%rt ke RasbRedt,the clock to
t hereby reproduce the data. However, if the PLL | oses synchronismin

repr oduct pg. by dat 1 peeores bBabne; BChpdieal 1508° el sthorhak coxaml o

the data cannot” be reproduced unti re aln synchroni sm Thi s neans
t hat reproduced dat a |s | ost_for perlod m? nchronlsn1of the PLL

is |lost. m??r%Pgﬁnc%ronlzafl%h S|gﬁaF %?%c?lrg 58P o2& 8le to a
def ect or the i ke % st until _a next s nchronlzatlon signal is
dot oot ed. S 1TERH Shotif L6718t £ ULRamRae| G garPRaRNARTFREY LEBP ect Lon
capablllé%a(that is, if there is a Iocal maj or defect), data cannot be
r epr oducefPTMHE PMf 3R nkRPSF FLe®rAbdthR EREKRCATRE |SETIPERHITRIMALI on uni que
to each disk and the like. It nay be related to the entire data on the disk
(for exaﬁ%ﬂ%ﬂ%kﬂ%ﬁni%%oﬁméﬁh%¥ tonkehPs Péé@PHédaénaﬂhéDENEWEeﬁay be
reproduced or not). Therefore, high reliability is required for data
recormlufﬁﬁmp¢b$woU@%mtbﬁl¢@éb@@ednfﬁrmhé13EAQndIhnoﬁﬂerypélpeduce t he
anount of |ost data, a nethod of frequently inserting a synchronization
si gnal fadtey esymehmms 2atiisorf dsnecbrizet e, Jmovevelpnguchei nsertion of the
r edundant
innermost circumference of the DVD 1.
Data structure of data recorded in the BCA 2 is
shown in Fig. 2.
The data recorded in the BCA 2 has a row of five
bytes as one unit. A first one byte of the row of five
bytes is a sync byte (SB) or a resync (RS). A BCA-
Preamble is recorded in four bytes of a first row. The
1 BCA-Preamble is data including only 0s. Four bytes of
each row in a BCA data field is an information area or an
EDC (error detection code). Four bytes of each row in an
ECC (error correction code) area is error correction code.
A BCA-Postamble is recorded in a last row.
When the data recorded in the BCA 2 is to be
reproduced, a reproducing apparatus generates a clock on

the basis of a reproduced signal of the BCA-Preamble part

by means of a PLL (Phase Locked Loop)}, and performs



3 synchroni zati on signal reduces the anount of data recordable in the
BCA. SUVMARY OF THE | NVENTI ON The present invention has been nade in view
of the above) and it is accordingly an object of the present invention to
enabl e reliable reproduction of data in the BCA. To achi eve the above
object, according to a first aspect of the present invention, there is
provi ded a disk-1ike recording nediumincluding: n blocks arranged in a
circle of a second area and each having a | ength obtai ned by dividing the
second area into n equal parts in a circunferential direction; and mfranes
arranged in one of the blocks and each having a | ength obtained by dividing

the bl ockydmdduin el a@résrép ebﬁrebwgﬂfspeatb%ddteeﬁah@a wher ei n
auxiliary information is arranged in the frames in such a manner as to be

at equal johetyals il tg fé r&H”Eﬁ?%‘ib@ic E'br@ﬁ&ké??yt ggsfadaxacliaéem zat i on

signal is disposed In each of the franes. In one o rames, channel
bits may be arranged at intervals obtained by dividing the frame into k

at e . | ,
equal parts. The auxiliary information may be nodul ated by a nodul ati on

nmet hod capabl e @of word synchroni i,on or bhit nchronj zati on. The
nodul ation net h%&wﬁﬁ)‘?rbe 12 gﬁ‘f epzlg‘hc]bocﬁer‘isg ﬁﬁ%'&r S 1 nodul ation
nmet hod. When a_val ue of %g; mis t nore, the nunber of kinds of
synchr oni ERTBH S Hhat e i ber T5or OF nb?et%%dgﬂéo?u?egg SAfCerror

correction code can be added to the aUX|I|ar¥ information. ldentical data
can be dids,%fcﬁfe"d' ifrPreaﬁ:’Wntﬁlet'hetrhe data cannot be reproduced until

the PLL regains synchronism. This means that reproduced
data is lost for a period when the synchronism of the PLL
is lost.

Also, if a synchronization signal (sync) is lost
once due to a defect or the like, data may be lost until
a next synchronization signal is detected.

If the amount of lost data is larger than an error
correction capability (that is, if there is a local major
defect), data cannot be reproduced. The information
recorded in the BCA 2 is ID information unique to each
disk and the like. It may be related to the entire data
on the disk (for example determine whether contents
recorded on the DVD 1 may be reproduced or not).
Therefore, high reliability is required for data
recording and reproduction recorded in the BCA2. In order
to reduce the amount of lost data, a method of frequently
inserting a synchronization signal for resynchronization

is conceivable; however, such insertion of the redundant



bl ocks. According to a second aspect of the present invention, there is
provi ded a di sk recordi ng apparatus including: rotating neans for rotating
a disk; generating neans fox generating a channel clock corresponding to an
interval obtained by dividing one frame into k equal parts where n bl ocks
each having a | ength obtained by dividing a second area into n equal parts
ina circunferential direction are generated and mframes each having a
| engt h obt ai ned by dividing one of the blocks into mequal parts in the
circunferential direction axe generated, the channel clock being required
for recording auxiliary information; control means for controlling rotation
of the di r Len LSK i ien chronismwth a
cycl e of %§&§§¥§Q3£% gﬁ%egigfégkggﬁﬁ%ESIgP?nSh%ggﬁsofaﬁﬁﬁgdulating t he
auxiliary Lgfgéggigognoghgh cQasis of the channel clock generated by the
generatinﬁ Feans, and recor g means for recording the auxiliary
i nformati on nodul ated by the nodul ati ng neans on the disk. According to a
third aspect of the present invention, there is provided a disk recording
met hod including: a rotating step for rotating a disk; a generating step
f or gener%?M%ﬁRg %ﬁaﬁﬁ%lI%Y%@?Iegrresponding to an interval obtained by
dividing one frame into k equal parts where n blocks each having a |l ength
obt ai ned by di vilih@zessetond Wdel 9tht2 § Repml m3de t3nihiew cefctterenti al
direction are generated and mfranmes each having a | ength obtai ned by
di vi di ng dhever 2mé btotksa¢eendimelviapnpabiscinofh&hei pegskatenti al
direction axe generated) the channel clock being required for recording
auxi li aryinnéothen i bm; emakbatrelisbep fepredntrdbhi n§ Aetat iontbe t he di sk
so that one rotation of the disk is in synchronismwth a cycle of n X mX
k channelBcAocks; a nodulating step for nodulating the auxiliary
information on the basis of the channel clock

To achieve the above object, according to a first

aspect of the present invention, there is provided a
disk-like recording medium including: n blocks arranged
in a circle of a second area and each having a length
obtained by dividing the second area into n equal parts
in a circumferential direction; and m frames arranged in
one of the blocks and each having a length obtained by
dividing the block into m equal parts in the
circumferential direction; wherein auxiliary information
is arranged in the frames in such a manner as to be at
equal intervals in the circumferential direction, and a
synchronization signal is disposed in each of the frames.

In one of the frames, k channel bits may be
arranged at intervals obtained by dividing the frame into
k equal parts.

The auxiliary information may be modulated by a



generated by processing of the generating step; and a recording step for
recording the auxiliary information s nodul at ed by processing of the
nodul ating step on the disk. According to a fourth aspect of the present
invention, there is provided a disk playback apparatus including: rotating
means for rotating a disk at a constant angul ar velocity; playback neans
for playing back the disk; generating neans for generating a clock having a
frequency twice n X m X k or higher; and denodul ati ng neans for sanpling a
signal outputted by the playback neans on the basis of the clock generated
by the generating neans and denodul ati ng channel bits, or words while

cor rect i ng, 4 i, haMel cbld Seaflint % 1od5a ThEALSK pLeyBACk appgratus can
further include correcting ans for making error correction on'the basis
of an error_correcti,on code included in the auxiliary information and
deternini%ﬁf%:ﬁ?ﬁi:a%ﬁ&ﬁ1iary information by majority rule. The correcting
nmeans can make error correction Oqﬁngili§L¥ i nformati on opbt ai ned by

col l ecting port F8fs "@EFEATIRE) MRF SBYPS 7 PRIRLAWHGAD a fifth

aspect of the present invention%.there i s_provided a disk playback nethod
i ncl udi ndte btk ind st PForar RAtTHE 23 di sk at a constant angul ar
vel ocity; a playback step for playing 7 back the disk; a generating step

for generating #heroek vRdwiengfa threequdfcyrwanicce mPne.m bh&k mimbdgiel ; and a
denodul ati ng step for sanpling a signal outputted by processing of the
pl ayback ksitrajs mf tdvmdiaginsi 2t idre €1 ookl geney dbedtvy promessi agdoh t he
generating step and denodul ati ng channel bits, or words while correcting
t he chanret lxdss, or the words
An error correction code can be added to the
auxiliary information.
Identical data can be disposed in each of the n
blocks.
According to a second aspect of the present
invention, there is provided a disk recording apparatus
including: rotating means for rotating a disk; generating
means for generating a channel clock corresponding to an
interval obtained by dividing one frame into k equal
parts where n blocks each having a length obtained by
dividing a second area into n equal parts in a
circumferential direction are generated and m frames each
having a length obtained by dividing one of the blocks
into m equal parts in the circumferential direction are
generated, the channel clock being required for recording

auxiliary information; control means for controlling

rotation of the disk so that one rotation of the disk is



The disk-1ike recordi ng nmedium according to the present invention includes:
n bl ocks arranged by dividing a circle of a second area into n equal parts;
and mframes arranged in each of the bl ocks; wherein auxiliary information
is arranged in the franmes in such a manner as to be at equal intervals in a
circunferential direction, and a synchronization signal is disposed in each
of the frames . The di sk recordi ng apparatus and di sk recordi ng net hod
according to the present invention control rotation of a disk so that one
rotation of the disk is in synchronismwith a cycle of n X m X k channel

cl ocks, nodul ate auxiliary information on the basis of the channel clocks,

D o DS R ALEL AR 205 ' Ptip Aghpl ol
sanmpi e aﬁ?d“faepf&ﬁqﬁee%‘i“%?yh?éﬁg??tgﬁ%ogfgﬁo%?ﬁ9¥r %QFK,SQ%YBHQ a

frequenc wce n at e channe Its, or words
whil e correct.i ng t he channel its r the words. Th bo and ot her
obj ect s, $a 1her gosasaln% %%v%%ﬁ a‘gheasma??t ﬁ%oﬁlt‘eggﬁFr?ﬁsgn??’oﬁgﬁnd t he manner of

realizing themwl| becone nore aggarent) and tge i nventi on itﬁelf wil |

best be HUEYR'00W MUY FUYyTOF T Aend oP PN nhCHeEEFPPELBA SR8 appended
clains wwth reference to the attached drawi ngs show ng sone preferred
enmbodi nerf%*o¥Lahe iHARHIE P BRYEE DESERP PTHER TRIYHE BRAVPREBSFig. 1 is a

di agram of assistance in explaining a burst cutting area on a related-art
DVD; Fig.o® Wdwbisk recording format of the burst cutting area in Fig. 1;
Fig. 3 shows structure of an optical disk to which the present invention is
applied; Fig. 42skewdiagr écordithg fomemecdt athehsumnesent

invention, there is provided a disk recording method
including: a rotating step for rotating a disk; a
generating step for generating a channel clock
corresponding to an interval obtained by dividing one
frame into k equal parts where n blocks each having a
length obtained by dividing a second area into n equal
parts in a circumferential direction are generated and m
frames each having a length obtained by dividing one of
the blocks into m equal parts in the circumferential
direction are generated, the channel clock being required
for recording auxiliary information; a control step for
controlling rotation of the disk so that one rotation of
the disk is in synchronism with a cycle of n X m X k
channel clocks; a modulating step for modulating the
auxiliary information on the basis of the channel clock
generated by processing of the generating step; and a

recording step for recording the auxiliary information



cutting area in Fig. 3; Fig. 5 is a diagramof assistance in explaining an
ECC format in the burst cutting area in Fig. 3; Fig. 6 is a diagram of

assi stance in explaining PE 9 nodul ation; Figs. 7A and 7B are diagrans of
assi stance in explaining sync patterns of frane sync in Fig. 4, Fig. 8 is a
bl ock di agram showi ng a configuration of a disk |ID recording apparatus for
recording disk IDinformation on the optical disk of Fig. 3; Fig. 9is a

bl ock di agram showi ng a configuration of a disk recording and pl ayback
apparatus for recording or reproducing data on the optical disk having disk
I D recorded by the disk IDrecording apparatus of Fig. 8; Figs. 10A through

LOE are diGrausoof s YAl g SRRl el PREIAL 10Peploa. degodul ati on
unit in Fig. 9; Fig is a diagramof assistance in exﬁfalnlng operation
of the dennd Iatlon unit in Fig. 9; Fig. 12 shows another format in the
burst cutting area of the optical disk of Fig 3 Fig. 13 is a diagram of
assi stance in explainin g and 14B are di agrans of
assi stance in engﬁPﬁFﬁ893§ﬁc pafté aSPeFraﬁg DEESEY. 12; Fig. 15 is
a bl ock di.agram showi ng a conflguratlon of  a disk ID recordlng appar at us
for recor dPNGRELOR - Ilﬁhleﬁfatﬁé RFatetdest a ‘blsﬁflﬂlbasc BRI OUHh 16G are
di agrans of assistance in 10 expl ai ni ng operation of playing back an
optical digklndésgdedatatimg Meand fofr mrating B/ ¢lisky 4% & di agr am of
assi stance in explaining the operation of playing back the optical disk
recorded censhenftopmgulefr Pegoclixy; playback means for playing

back the disk; generating means for generating a clock
having a frequency twice n X m X k or higher; and
demodulating means for sampling a signal outputted by the
playback means on the basis of the clock generated by the
generating means and demodulating channel bits, or words
while correcting the channel bits, or the words.

The disk playback apparatus can further include
correcting means for making error correction on the basis
of an error correction code included in the auxiliary
information and determining correct auxiliary information
by majority rule.

The correcting means can make error correction on
auxiliary information obtained by collecting portions
determined by majority rule.

According to a fifth aspect of the present
invention, there is provided a disk playback method
including: a rotating step for rotating a disk at a

constant angular velocity; a playback step for playing



Fig. 18 is a diagram show ng another ECC format; Figs. 19A and 19B are

di agrans showi ng other sync patterns of frame sync; and Fig. 20 is a

di agram showi ng anot her disk I D recording fornmat. DETAI LED DESCRI PTI ON OF
PREFERRED EMBCODI MENTS Preferred enbodi nents of the present invention wll
herei nafter be described with reference to the drawings. In the present
invention, as shown in Fig. 3, IDinformation unique to an optical disk 26
is recorded in a burst cutting area (BCA) 26A on the outside (in this case,
on the innernost side) of a data area 26B within an inner radius of the
optical disk 26 in which area contents data is recorded. As shown in Fig.

3, the buggly Cufidi HgsRrea géﬁekﬁtEBSaE%@F'@o%U%Qn%rH%@H%r a%lg%kfor”‘a
continuous circle. Fig. 4 shows an exanple a disk I'Drecording fornat

recor ded | girgif%g%U?%Ag EQ?@“ nan€?><4k 3peh1 erC| gée is divided

inton equ case, her eby orning h Bl ocks. Each of

he bl ock d liep,of Fi 4, =
2). Each Sregaetei IR SHED GOy BhRpIUAGTATS: %hg&f A RIETRACRY L %sa) . e

IDinformation is rec hapnel en, chann t the
front of RE2HBI The° rgﬂ% gigy??ﬁﬁe g?ﬁconTkg sﬁéééﬁdlﬁgggﬁ éﬁﬁ nel bits
forms a data area. Here, it is assuned that disk IDinformation is

nmodul at ecH%%re%a"F’Ei(‘Fiha%’éO‘Eﬁ%ﬂ%? fbdEhat PERSRBERBA) SFBP 8R4nple. The PE
nodul ati on converts one-bit data into two channel bits) and therefore 112
dat a bit sd¢meduknahne| chrrrgl cahtpe PECYPHEE WAidesFagrectipfgethghile 224
information bits (28 bytes) can be recorded in a single block. In this
exanpl e, <hakneD hhEdr nexi'ohe i WOBRASECC fornmat as shown in Fig. 5 is

recorded in each of the
The disk-like recording medium according to the

present invention includes: n blocks arranged by dividing
a circle of a second area into n equal parts; and m
frames arranged in each of the blocks; wherein auxiliary
information is arranged in the frames in such a manner as
to be at equal intervals in a circumferential direction,
and a synchronization signal is disposed in each of the
frames.

The disk recording apparatus and disk recording
method according to the present invention control
rotation of a disk so that one rotation of the disk is in
synchronism with a cycle of n X m X k channel clocks,
modulate auxiliary information on the basis of the
channel clocks, and then record the auxiliary information
on the disk.

The disk playback apparatus and the disk playback

method according to the present invention sample a



bl ocks. In this exanple, 12-byte parity is added to 16 byte data, and the
disk IDinformation is encoded by a Reed-Sol onon code RS (32, 16, 13) of a
Galois field GF (2e). Three bl ocks each have the sane ECC format. Thus, 14
bytes of 16-byte ID information IDmis disposed as information bits of 14
bytes in a first frame of each of 22 t he bl ocks. The remai ning two bytes
of the IDinformation IDm and 12-byte parity are di sposed as information
bits of 14 bytes in the next frame. This nmeans triple witing of the sane
disk IDinformation in the circle of the disk. This triple witing is in
effect equivalent to formng a product code of distance 3 in a vertica

di {i . L0 dul ati . de indicati
dat a bi t B The posi 71 00 B SORar KL (T oyt rnar i Sa°r A B aekS: & Fi'g. 6)
d 0)_(bit indi d i\ hwhitein Fig._6)..] I f Fi
o2 PRl bl LELERCH o AL S bl LS ST
data bit aof "1" is. ted int | _bi d) of "O1" .In the PE
rodal at | SRR el Obi Y847 b Eher Tear St ingenpe) Bropab Bh&dnel bits
(center of a\MNéRFindicating a data bit. Thus, in the case of data bits,

mar ks or $pa t occur continuously for three channel bits or nore.
Accordingly, a sync pattern indicating sync bits (frame sync) can be forned

by arrangi ng mafle GPFacedsd e RULKSETn Gt chaittl bits or nore.
Figs. 7A and 7B each show a sync pattern of frame sync. As shown in Figs.
7A and 7Rdvapraderiscbithymeremenerimvenrtier ehdnhke BanBenrefprovi ded as
frame sync 13 patterns in which marks and spaces each occur continuously
i n three xdmkirdindi tkem Wiehl chegerse hore appaveati naedi bhely preceding a
frame sync are "01",

invention itself will best be understood from a study of

the following description and appended claims with
reference to the attached drawings showing some preferred

embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram of assistance in explaining a
burst cutting area on a related-art DVD;

Fig. 2 shows a recording format of the burst
cutting area in Fig. 1;

Fig. 3 shows structure of an optical disk to which
the present invention is applied;

Fig. 4 shows a recording format of the burst
cutting area in Fig. 3;

Fig. 5 is a diagram of assistance in explaining an
ECC format in the burst cutting area in Fig. 3;

Fig. 6 is a diagram of assistance in explaining PE



"000111" is used as the franme sync, and "Ol" is added as a succeedi ng sync
pattern. On the other hand, when channel bits of data inmedi ately preceding
a frane sync are "10", "111000" is used as the frame sync, and "10" is
added as a succeedi ng sync pattern. Channel bits of "01" or "10" are
further added as sync ID after the above sync body ("00011101" or
"11100010"). Thus, a total of 10 channel bits forma frane sync.
Hereinafter) a franme sync when a sync ID pattern is "0" (channel bits -
"10") (Fig. 7A) will be referred to as SA, and a frane sync when a sync ID
pattern is "1" (channel bits - "Ol") (Fig. 7B) will be referred to as SB. A
frame sy .S ysed to indicate that its franme is a first frane of a

bl ock, V\hqrg?d?;lsét}o;}f'ane sync SBis used to indicate that its franme is other
than a first frane_of ,each -of t he blac ) e er. of frames

havi ng frane sygégSSA7|§‘s%élﬁlung o etr?éaﬁiﬁodgs%gf abﬁt%cﬁ(%ﬁ% gl.n8 is a block
di agram show ng .a configuration of isk IDrecording apparatus 11 to

whi ch t héXH ng rﬁ)’é}ﬁgi a“i%”é%p‘??egr.a%er%ﬁ’?%t]e’?d]lﬁllgstgfes the disk ID
information that 14 has been subjected tqQ error correction coding in
accordance withFtfe BOES §r REL CEh SR ITRTFiSGOYE N9A PEWIF AR OrPni ¢ 22
reads the disk ID information stored in the register 21) subjects the disk
| D i nf or et iBodlitsk AP mAAERitsh appRr 3 Heh Bk piReIHen? edifk 1B a | aser 23.
The PE nodul ation unit 22 subjects the disk ID information read fromthe
regi st er infampatienPPmudig ain wirak cbrsh yf tBiw. ¢ ock (channel cl ock)
inputted froma VCO (voltage controlled oscillator) 33 and then inserts
sync patterns t&ighepPeby gebdpake ddabaaro sihewiagordedrifi gura B8R 26A of the
optical disk 26. The PE nodul ation unit 22 outputs the data to the |aser
23. The lefser A3k seaxrAGHaserd dlaym@npmEmamths rfedi seesrdfregopt i cal
disk 26 with a high-power |aser beamvia a mrror 24 and an object |ens 25.
The obj eeir lreftsraduding utdess arcWhadspiciadal ehissk florviexangld €k BEhd

recorded by the disk ID recording apparatus of Fig. 8;

Figs. 10A through 10E are diagrams of assistance in
explaining operation of a demodulation unit in Fig. 9;

Fig. 11 is a diagram of assistance in explaining
operation of the demodulation unit in Fig. 9;

Fig. 12 shows another format in the burst cutting
area of the optical disk of Fig. 3;

Fig. 13 is a diagram of assistance in explaining 4-
1 modulation;

Figs. 14A and 14B are diagrams of assistance in
explaining sync patterns of frame sync in Fig. 12;

Fig. 15 is a block diagram showing a configuration
of a disk ID recording apparatus for recording disk ID in
the format of Fig. 12;

Figs. 16A through 16G are diagrams of assistance in

10



irradi ates the BCA 26A of the optical disk 26 with the | aser beamentering
the object lens 25. Thus, a reflecting filmof the optical disk 26 is
changed irreversibly, whereby the disk IDinfornmation is recorded as a bar
code. That is, even if the optical disk is a rewitable recording nmedi um
the auxiliary data such as disk ID recorded in the HCA 26A is recorded on
the optical disk 26 as unrewitable data. 15 A spindle notor 27 rotates
the optical disk 26 under control of a spindle servo control unit 28, and
an FG (Frequency Cenerator) signal generator not shown in the figure
provided within the spindle notor 27 generates an FG signal that formnms one

bul se eaclicdiien 1y opitselolisk 20aonhnhexBhObpRIkalokaLES by a

predeterm ned angle, and then outputs the FG signal to the spindle servo

control ' of rapconttoller 29, the spindle servo
utifr‘]ellt r%ged Undeg, & P% £l ¢ Of £ ap £QNL O

control contro e sp |ndle ot or ' 27 on the basis of the FG signal

inputted fromt tg.qgspl n,dl & rgotdqr &&7 r}%] H’Eea&p 2{1 e D aln%’zr?%lrot ates at

a predeternlned r atlonal spee e spln ser con unit 28

tputs the FG | g, f1om th dle to th troll
Oul LS e K Al P 0L ERRo R, ) PP 8 oB bR BT o

servo control unit 28 ac ordlng to an operating signal inputted from an
oper at i ng"urfite rﬁﬁrﬁﬁbWﬁg 9 het?igure to thereby drive the spindl e notor
27 and thus rotate the optical disk 26. In addition, the controller 29
generates a configl- diBgAdl af GvagE® ANAHE R MBRRELHi RT3 ratio of a
frequency divider 30 on the basis of the FG signal inputted fromthe

spi ndl e servo c&Ageol 194 #ngg 19%8n@neh&iaguiEna shawinomblr ssyyral to the

frequency divider 30. 16 The frequency divider 30, the PC 31, an LPF (Low
patterns of frame sync; and

Fig. 20 is a diagram showing another disk ID

recording format.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will
hereinafter be described with reference to the drawings.

In the present invention, as shown in Fig. 3, ID
information unique to an optical disk 26 is recorded in a
burst cutting area (BCA) 26A on the outside (in this case,
on the innermost side) of a data area 26B within an inner
radius of the optical disk 26 in which area contents data
is recorded. As shown in Fig. 3, the burst cutting area
26A is created in such a manner as to form a continuous
circle.

Fig. 4 shows an example of a disk ID recording

format recorded in the BCA 26A. As shown in Fig. 4, the
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Pass Filter) 32, and the VCO 33 forma PLL. The frequency divider 30

di vides the clock outputted by the VCO 33 into a value 1/ N (frequency
dividing ratio) set on the basis of the control signal inputted fromthe
controller 29, and then outputs the result to the PC 31. The PC 31 conpares
t he phase of a clock inputted fromthe frequency divider 30 with the phase
of the FG signal inputted fromthe spindle servo control unit 28 to thereby
generate a phase difference signal, and then outputs the phase difference
signal to the LPF 32. The LPF 32 renpves a hi gh-frequency conponent from
the signal inputted thereto) and then outputs the result to the VCO 33. The
VOO 33 changes d e, RSt dd reuPneYdq ey Ly £L Ofkn! PRI+ DEYOQ, 33 out put s

. r .
by oscillation on the basis of a voltage applied to a con [ term nal of

the VCO 33 (that i the aoutput .fromthe LPF 32). The cl ock outputted by
t he VCO 3§)i’smﬁlﬁﬁuetsl{ye cfrcr)mtr}%g b} )}duTation unit 22 and also to the

frequency divi der 38. }hehvcg 33.is.controlled so that a phase difference
bet ween the out pAECEf °Eh&PFr BJQEASy 161 ivddt o0 Lhvd 4k A iy A2 put t ed
by the spindle servo control unit 28 beconmes constant. Therefore, the
out put of ‘tife 1P exg@BLe 9% Fi % dhral™ g5ct ) 1 atfiargt i9f B Mames He FG
signal at a triggqncy.N times that of the FG signal. The PE nodul ation unit
22 out put Sitviededatid th k M6 nitt ddsiey it mit hm rélelenda drig. 4
according to the clock inputted fromthe VCO 33 to the laser 23. A drive 34
i s connectiedf argattienc it medarderd wikhhdgrchannell dkig. an optical di sk 42,
a magnet o-optical disk 43) or a sem conductor nenory 44 is inserted into
the drive 34 as TegurhedneA hétessar yheodpondr ofr @grcdmo ff atheeXamples) i s
read fromthe magnetic disk 41, the optical disk 42) the nagneto-optica
di sk 43, drs tthemsemyoanduCher spepreedid4) 2and chansugpplbiied tfermae acontrol | er
29.

data area.

Here, it is assumed that disk ID information is

modulated by a PE {(Phase Encode) modulation method, for

example. The PE modulation converts one-bit data into two

channel bits, and therefore 112 data bits (224 channel

bits) can be recorded in a single frame, while 224

information bits (28 bytes) can be recorded in a single

block.

In this example, disk ID information in an ECC

format as shown in Fig. 5 is recorded in each of the

blocks. In this example, 12-byte parity is added to 16-

byte data, and the disk ID information is encoded by a

Reed-Solomon code RS (32, 16, 13) of a Galois field GF

(2%) . Three blocks each have the same ECC format. Thus,

14 bytes of 16-byte ID information ID, is disposed as

information bits of 14 bytes in a first frame of each of

12



OQperation of the disk ID recording apparatus 11 will next be descri bed.
When a command to start recording is issued, the controller 29 controls the
spindl e servo control unit 28 to rotate the spindle notor 27 at a
predet erm ned speed. The spindle notor 27 generates an FG signal
corresponding to its rotation, and then supplies the FG signal to the

spi ndl e servo control unit 28. The spindle servo control unit 28 supplies
the FG signal to the PC 31. The PC 31 conpares the phases of two input
signals with each other, and then supplies a signal of a phase 18 error
between the two signals to the VCO 33 via the LPF 32. The VCO 33 generates

a cl ock I as n trggug [ pondj i .(contro
vol t age) h%%pr}%%(}p%]r o%htaehceLelq;rﬁl:1 : [I}%go C o%féoﬁ]p%@%e%gbi;nf%%n%ggs is
supplied t he frequency di.vider 30.to be divided by a predeterm ped
frequencyflg'i \‘?ingi 14 '?’Xt%leo St W aartehedlcscpncfsr%cflaesf ]Zrbf,()%rﬁ%itf% P itppried to
the PC 31. Thus, the cl ock (channel clock) outputted by the VCO 33 has a

cycle of 4% (BY5€$ 32 K§henehe TH#REion of the optical disk 26 (spindle
notor 27). For exanple, when an FG wave nunber per rotation of the FG

signal is 36 andPfife MPaNFe O nthfe Wridgieh ] oivg F3ee rdt§% D N of the

frequency divider 30 is 1/39) the VCO 33 generates a channel clock having a
cycle of Ifigmetion 2on)thd ¢hecte nef peheodisk . orhivt&rinke of the spindle
notor 27 (optical disk 26). The PE nodul ation unit 22 subjects disk ID
i nf or mat ivont Siuppliedif rohfede eqgi vakenltoof PEnndubarirodubhsedden t he
channel clock supplied fromthe VCO 33 and then outputs the disk ID
i nf or mat icoh dic ttavecd aseim 28. vaihei¢abedi P8cyeoerates a | aser beam on the
basis of the data supplied fromthe PE nodul ation unit 22 to thereby
irradi ate the opki shbwdi 4k 26 gwi t6h the |IFESetodiation is a code

indicating a data bit by the position of a mark (1) (bit

indicated in black in Fig. 6) and a space (0) (bit

indicated in white in Fig. 6). In the example of Fig. 6,

a data bit of "0" is converted into channel bits (word)

of *10" and a data bit of "1" is converted into channel

bits (word) of "01". In the PE modulation, the channel

bits are inverted at a center of two channel bits (center

of a word) indicating a data bit. Thus, in the case of

data bits, marks or spaces do not occur continuously for

three channel bits or more.

Accordingly, a sync pattern indicating sync bits

(Erame sync) can be formed by arranging marks or spaces

continuously in three channel bits or more. Figs. 7A and

7B each show a sync pattern of frame sync.

As shown in Figs. 7A and 7B, two kinds of sync

patterns of six channel bits are provided as frame sync

13



beamvia the mrror 24 and the object |lens 25. Thus, the disk ID
information is recorded concentrically over a plurality of tracks in the
BCA 26A of the optical disk 26 at a factory prior to shipnent.

I ncidental ly, depending on output intensity required by the laser 23, the
cycle of the channel clock outputted by the VCO 33 may be nultiplied by r
to be r/(n XmXK). In this case, a frequency dividing coefficient N of
the frequency divider 30 is also multiplied by r. Fig. 9 is a block diagram
showi ng a configuration of a disk recording and playback apparatus 51 for
recordi ng data and reproduci ng data recorded in the data area 26B of the

optical Halecahday Mhide disks| DhanipssBli ofchegeeded in a mnner as
descri bed above in 1ts HCA 26A. A CPU b1 controls parts of the disk

recordin d pl . APRALaL u L. ng J,0 an.operati.ng signal
inputted%for%orlrhnglr?q%%g‘r;gf?ng u%t%%%ngﬁggv\%g%h t‘ﬂlee icgrﬁérane'{?alo l%]‘r{%ce‘c’re y record
data and r%produce dq{egl recorded. i n thg}fdata ar ea 268,,§L"the optical disk

26. In r &5 EddERS DPTEHT T h dat ATt e TPU 81 Out puts the disk ID
infornatho% of the optical digk 26 retained b%n 5egLster 71 to a
decrypti orf ﬁﬁ&éesﬁﬁufﬁﬁétaW4lH? BhcTYpti o %ro% sstR@UNFE ¥8. Al so)
the CPU 61 generates a control 20 signal to rotate or stop the optical
di sk 26, ZafFGRPHT tHETHRT AR gfE B¢ 2E& datht Mfi®funit 63. The
servo control unit 63 nmakes an optical pickup 64 seek to a specified
posi ti on caenned dpticAf daie Zgmrdinee baspreetding oh¥r®e sY®®mal inputted
fromthe CPU 61, and also effects tracking control and focus control of the
optical pirekdp 084 dnitlHD Pasis wied as dgked ngrame osyst grad (TK)" ahel a focus
error signal (FS) supplied froma matrix anplifier (MA) 65. A spindle notor
62 rot at esidelde agptal calcalieski RS stn@ g teketrer miGhechnredt dtiitenalf S'@aed under

or "10" are further added as sync ID after the above sync

body ("00011101" or *"11100010"). Thus, a total of 10

channel bits form a frame sync. Hereinafter, a frame sync

when a sync ID pattern is "0" (channel bits = "10") (Fig.

7a4) will be referred to as SA, and a frame sync when a

sync ID pattern is "1" (channel bits = "01%) (Fig. 7B)

will be referred to as SB.

A frame sync SA is used to indicate that its frame

is a first frame of a block, whereas a frame sync SB is

used to indicate that its frame is other than a first

frame of each of the blocks. Hence, the number of frames

having frame syncs SA is equal to the number of blocks.

Fig. 8 is a block diagram showing a configuration
of a disk ID recording apparatus 11 to which the present

invention is applied.

A register 21 stores the disk ID information that
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control of the servo control unit 63. In reproducing the disk ID
information) the optical disk 26 is rotated by a CAV (Constant Angul ar
Vel ocity) nethod. The optical pickup 64 is held by a specified sled
mechanismso as to be able to nove in a radial direction of the optical

di sk 26. Wien data recorded on the optical disk 26 is to be read) the
optical pickup 64 irradiates the optical disk 26 wwth a | aser beam
according to a control signal inputted fromthe servo control unit 63,
receives the reflected beam converts the reflected beaminto an electric
signal, and then outputs the electric signal to the matrix anplifier 65.

When the qpthel |rré&? e&e 9§r ggégcgpa%hgo gﬁgc?k di sk 26, the 21

opti cal pléi e op |ca drs aser beam on the

basi s of data 0 t utted fr m lation unit 77 fo th reb cord the new
data in t S H eeaw’Z%}B%f ﬁﬁ‘gg g TRAE KD 28R IENr tri lifier 65

processes t he slgnal inputted fromthe optical pickup 64, and then outputs
a reprodudif iﬁﬂﬂn(ﬁn%ﬁu%Qcﬁﬁ?%%p%%ﬂl%bskoI?henﬁ?sﬂaFEPPn?B?ﬁﬁﬁlon

recorded in the BCA 26A of the optical disk 26 to an LPF 66. Also, the
mat ri x anpin fihe B8 vl ad bs %P@]%%R$n@P%r¢b$ksI%nePfﬂh@@elsﬂghal | eve
changes according to an anmount of tracking error and a tracking error
si gnal whds® midristiavelanhapyes ettt nghe oregubbrotnta ofasecudlderror,
and then outputs the signals to the servo control unit 63. In addition, the
mat ri x anpthid iBR nGElwia pins wnitep ddedede st gnelie ofislat BDrecorded in the
data area 26B of the optical disk 26 to a denodul ation unit 72. The LPF 66
renoves a ihfghefateipre noya & ofmpanetriie ofed het st ghll to npue tBEl t hereto to
t her eby suppress variation in the reproduced signal caused by noise, and
t hen out pwcidie r@sHdcddingotpad ad Fcl6 7( cHdren €DNPBEs Gk Pridgu bt&ari zes t he
signal inputted thereto by conparing the

from a VCO (voltage controlled oscillator) 33 and then

inserts sync patterns to thereby generate data to be

recorded in the BCA 26A of the optical disk 26. The PE

modulation unit 22 outputs the data to the laser 23.

The laser 23 is a YAG laser, for example, and

irradiates the optical disk 26 with a high-power laser

beam via a mirror 24 and an object lens 25. The object

lens 25 includes a cylindrical lens, for example, and

irradiates the BCA 26A of the optical disk 26 with the

laser beam entering the object lens 25. Thus, a

reflecting film of the optical disk 26 1s changed

irreversibly, whereby the disk ID information is recorded

as a bar code. That is, even if the optical disk is a

rewritable recording medium, the auxiliary data such as

disk ID recorded in the BCA 26A is recorded on the

optical disk 26 as unrewritable data.
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signal with a predeterm ned | evel. A denodulation unit 68 sanples the

signal inputted thereto on the basis of a 22 sanpling clock inputted from
a quartz oscillator 69, makes channel position correction, perforns

denodul ation (in this case, PE denodul ation)) and then outputs the result
to an ECC (Error Check and Correct) unit 70. A sanpling clock nunber per
rotation of the disk is set to ben XmXk Xp (n, m and k are nunerical
val ues based on the disk ID recording fornmat described with reference to
Fig. 4, and p is an integer of two or nore). The ECC unit 70 supplies the
denodul ated data (disk ID information) inputted thereto to the register 71

for storage. |nathg;gBRAtLBRort B dBIREELALKAN JHil-a42 eHPdyl ates data
(contents data) supplied fromthe matrix anplifier 65, and then supplies

t he de”“%g%ge%oﬁiﬁ&%ﬂ%fa% ttlld sE3vo Q%&%P%ﬁﬂ%é“bﬁ&t&the
denodul at ata inputted thereto S5 error correcton processing, and then
supplles éh result to the d ol pt| r ocessi lné éh The, decryptlon

processin FrEars Egcgfﬁfgat e con?éﬁt gégta sup I}e o tHe ECC unit 73
on the basis of t he di sk I r.mat i on s ied fromthe re |ster 71, and
Chen out 2hed e dhuras oed e, WA s P SGF (4o GIURRAL S oThe

encryption processing unit 75 encrypts contents dat a |nputted t hereto on
t he basi§“02GtﬁégﬂﬁsktPBt2§°rWSnP6Fn§Fﬂ§ﬁ SHATH i AT iR 1R i ster 71,

and then outputs the result to an ECC unit 76. The ECC unit 76 adds an
error cofiekt R6n (epdadie mr&oanerypredates on & daedqyismined t hereto, and
then outputs the result to the nodul ation unit 77. A magnetic disk 91, an
optical dnske92and fmhgneoutoptiscihedFek sdInadr t® Jdve cidyidteor nenory 94 is

i nserted
servo control unit 28. Under control of a controller 29,

the spindle servo control unit 28 controls the spindle
motor 27 on the basis of the FG signal inputted from the
spindle motor 27 so that the spindle motor 27 rotates at
a predetermined rotational speed. Also, the spindle servo
control unit 28 outputs the FG signal inputted from the
spindle motor 27 to the controller 29 and a PC (Phase
Comparator) 31.

The controller 29 controls the spindle servo
control unit 28 according to an operating signal inputted
from an operating unit not shown in the figure to thereby
drive the spindle motor 27 and thus rotate the optical
disk 26. In addition, the controller 29 generates a
control signal for controlling a frequency dividing ratio
of a frequency divider 30 on the basis of the FG signal
inputted from the spindle servo control unit 28, and then

outputs the control signal to the frequency divider 30.
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into a drive 81 as required. The drive 81 supplies a programread fromthe
magnetic disk 91, the optical disk 92, the magneto-optical disk 93) or the
sem conductor nenory 94 to the CPU 61. Operation of the disk recording and
pl ayback apparatus 51 will next be described. Wien the optical disk 26 is
inserted into the disk recording and pl ayback apparatus 51, the CPU 61
controls the servo control unit 63 to rotate the spindle notor 62 at a
constant angul ar velocity (by the CAV nethod). This velocity is the sanme as
the velocity at which the spindle notor 27 of the disk ID recording
apparatus 11 of Fig. 8 rotates the optical disk 26. At this point in ting,
the servo controlpplénisly BRF JME L I OPLI £l 1 CKep3 £4 4R Bpf aij@J,, direction
of the optical disk 26 to play back the BCA 26A of the optical disk 26. 24

Repr oduce QUL LAt t fromihe opyi sl ¢pLgkypppst is inputted fromthe
mat ri x ar%l%fa% ?rl 65@#)0 t'he conpar at o? 67 vfc'akt he EP "66 to be binarized.

The denodul ati on,yunit._68 s . inari.zed. data inputt.ed fromthe
conpar at or 67 onT#{ﬁe ft’):%sqiuse%oﬁ) ?lsvtal%lji)nj&ﬁcqlocﬁ(dessuptp § a9 m t he quartz
oscillator 69, and. thereb emodul ates the data, ,Al sp, the denodul ation
unit 68 pé’r"fttﬁ”ﬁgteﬁ&?estg}f%g&cf%rfi%o’r’?%%t?nﬁag‘ﬁ%n%@ E?fgqﬁﬁ’dcﬁords. The
processing wi |l be described later in detail. The denodul ated data

out put t ed Frorf it TFiuISRE AR URe 3518 QhipprfetCrbrehesE8R2bnit 70 to
be subjected to error correction processing based on an error_correction
code. The imadtfited £xappthe IR EMel gt 3t 2nF 1LREN pRUEPBERIERBer ei n. Thus,
the disk IDinformation recorded in the BCA 26A of the optical disk 26 is
stored in n¢fatlitedicsttdre AC Ien TR ec Hfraid Qo Raessr dhomhats ofata i s

i ssued, the CPU 61 controls the servo control unit 63 to rotate the optical
di sk 26 by leoaBl \inpetttod Vizen hehespf relfwemeit ofivider 30 with the

phase of the FG signal inputted from the spindle servo
control unit 28 to thereby generate a phase difference
signal, and then outputs the phase difference signal to
the LPF 32. The LPF 32 removes a high-frequency component
from the signal inputted thereto, and then outputs the
result to the VCO 33. The VCO 33 changes the phase
(frequency) of the clock that the VCO 33 outputs by
oscillation on the basis of a voltage applied to a

control terminal of the VCO 33 (that is, the output from
the LPF 32).

The clock outputted by the VCO 33 is inputted to
the PE modulation unit 22 and also to the frequency
divider 30. The VCO 33 is controlled so that a phase
difference between the output of the frequency divider 30
and the FG signal outputted by the spindle servo control

unit 28 becomes constant. Therefore, the output of the
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62. The encryption processing unit 75 encrypts contents data inputted from
an apparatus not shown in the figure on the basis of the disk ID
information stored in the register 71, and then outputs the contents data
to the 25 ECC unit 76. The ECC unit 76 adds an error correction code to
the contents data inputted fromthe encryption processing unit 75, and then
outputs the resulting contents data to the nodulation unit 77. The

nodul ation unit 77 nodul ates the contents data inputted fromthe ECC unit
76 by the PE method or anot her predeterm ned nodul ati on net hod, and then
outputs the resulting contents data to the optical pickup 64. The opti cal

pi ckup 64 recards the.con ents t utted fron1 no atlon n|t 77 in
t he datavgtoeggZé@ 8f SR8 “optI°E: qal IIP 6-" iveh® &Y %}hn%}h%dﬁ) uce t he
contents data thus recorded is i sueq;%t{h?(JPU 61 controls the servo

control @&k @ 6FeerGatle HHESo XC A9 L hgetfod as in the
case as described above. The optical pickup 64 plays back the data area 26H
of the opPridedRtdiosk updt 2Rd e tdutiiir date Feprrivcedratata to the matri x
anplifier 65 The matrix anplifier 65 supplies the reproduced data to the
denodul atieseribied ¥2thThe feeendd d4d diauini4 & aehiodll tat eshe hel eapr oduced
contents data inputted thereto by a denodul ati on nethod corresponding to
t he nodubabuamnedetflrod ahet NeonmBdultat itdre Urdder7 723 and t hen out puts the
resulting data to the ECC unit 73. The ECC unit 73 subjects the denpdul at ed
data inputted faoarithie 26 isdeandatatiomnoumhe édnt@o@nkear 200r rBcti on
processi ng, and then supplies the resulting data to the decryption
processi pgguLitti c74iskhe 1geany phpitdr aQr ddessSi4ary UWnintagld ewphiical he contents
data (encrypted contents data)

disk 43, or a semiconductor memory 44 is inserted into

the drive 34 as required. A necessary computer program,

for example, is read from the magnetic disk 41, the

optical disk 42, the magneto-optical disk 43, or the

semiconductor memory 44, and 1s supplied to the

controller 29.

Operation of the disk ID recording apparatus 11

will next be described. When a command to start recording

is issued, the controller 29 controls the spindle servo

control unit 28 to rotate the spindle motor 27 at a

predetermined speed. The spindle motor 27 generates an FG

signal corresponding to its rotation, and then supplies

the FG signal to the spindle servo control unit 28. The

spindle servo control unit 28 supplies the FG signal to

the PC 31.

The PC 31 compares the phases of two input signals

with each other, and then supplies a signal of a phase
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inputted fromthe ECC unit 73 on the basis of the disk ID information
inputted fromthe register 71, and then outputs the result to an apparatus
not shown in the figure. As described above, encrypted contents data is
recorded in the data area 26B of the optical disk 26. Therefore, even if
the encrypted contents data is copied onto other disks as it is by a
conputer or the like) it is not possible to copy the disk ID information)

t hereby preventing decryption of the contents data. Thus, it is possible to
practically control illegal copying of contents data in |large quantities.
The channel position correction nade by the denodul ation unit 68 will next

be descrihed i F@tu%fe%r RRee el i -altﬂsogazr%w%ol% Hh LS cose)

description will be nmade assum ng 't ha A reproduced pit waveform

(Fi g_ 10A), ,out t f 68 i pnari z y C rator 67, and
t hen inpu??éd ?%étﬁgodéﬁg%éﬁgf%ggsugifiggkagagﬁggngr';ggep%gggfgnal (Fig.
10B). The .denpdul ati on_unit udes .27 counters 1 to 3 (jhot shown).

8 i ncl %
The countgfefufﬁfg.cfﬁefsggﬁ ﬁggt%§ Ruid b GBS (YQ%fig within a
channel bit. The caqunter 2 gFig. 10D) counts the nunber of two channel bits
of the PESHBRULSE SA°™ThECc&iRtéP 3 (Fig. 10E) counts the nunber of bits
(words) of the PE nodul ation. The channel position correction is nmade by
utilizing the fateethrb®cknopkheupPEedpllil BRPoNFObPEs 18r 8UPRYALHalsPy i nvert ed
at a center of a pit (that is, center of a word "10" or "OL" shown in Fig.
6). Speci theafkFgauencyi AilNgdari d0Fitgs Pel @B wislesudly FORresatieathigigsh t he
value of the counter 3 is not changed (even though at a center of a pit),
| evel of theabenayri dédigingsirghdl iseti migr ttdd, camd nadidreef &% tamsl val ue of
the counter 1 immediately after the timng Ais corrected to be "0". Al so,
t he channéheposiuppdhedotpethieoBCi §1nade by utilizing the fact
Thus, the clock (channel clock) outputted by the
VCO 33 has a cycle of 1/(n X m X k) of one rotation of
the optical disk 26 (spindle motor 27). For example, when
an FG wave number per rotation of the FG signal is 36 and
the value of the frequency dividing ratio 1/N of the
frequency divider 30 is 1/39, the VCO 33 generates a
channel clock having a cycle of 1/(3 X 2 X 234) of the
time period of one rotation of the spindle motor 27
(optical disk 26).
The PE modulation unit 22 subjects disk ID
information supplied from the register 21 to PE
modulation based on the channel clock supplied from the
VCO 33 and then outputs the disk ID information to the
laser 23. The laser 23 generates a laser beam on the

basis of the data supplied from the PE modulation unit 22

to thereby irradiate the optical disk 26 with the laser
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that when the same data bits occur continuously, channel bits are inverted
at a point between the data bits (between the words). Specifically) in
timng Bin Figs. 10H through 10E, when the value of the counter 3 is
changed (at a point between words), the level of the binarized pit signal
is inverted, and thus the values of the counters 1 and 2 are corrected to
be "0". A plurality of frame syncs are arranged at equal 28 intervals for
one rotation of the optical disk 26. Therefore, frame syncs are endl essly
generated in a constant cycle as the optical disk 26 is rotated. Hence,
even when a frane sync of a frame is not detected, it is possible to

reproduce, daf %igﬁucc%eeegri-%&éﬁgzirm ayélcowque%ew%s of il dahg, on the

basis of Interpolating timng of a frane sync previously cted. As shown

in Fig. , n. rane .sync. ("00011103XX" or "11100010XX" Figs. 7A and
7B) is dﬁig&"‘%% 1?ﬁffé)r\5“g'lett}éésﬁ olfs(t eec%lb%en er LRt c%fgya‘ﬂe%nﬁgti alized to

"0" The E uni.t 70 Jis suppli.ed 'tr1%§e genngulated dat (%h t 1s) the
di sk 1D P o ﬁcﬁﬁfgﬁpﬁmg”baf\r%%f i 182r°t rihT yORE: S5 T RE i ¢ h
reference to Fig. 4), and then subjects the data to error correction
processi R§. 2ELEF ERrc @ TPk He 15 %L Wi tten disk ID information is
subj ected to error correction. Wen a result of error correction of a third
bl ock is differé&REifpBirté¥ul f8renddngoric Gttt M tEM sttty ot her two bl ocks
(a first and a second block), for exanple, the results of error correction
of the fineswuipledclevartdiet Hassacdid Bihwlkcxgle whedhs ehtanmkkkelaxk nf or mat i on
under a majority rule. The ECC unit 70 outputs the error-corrected disk ID
i nf or mat iowrt ptud: telde biye ¢ihet 1CO7 B X aoraystley agel t gl iedhey BCGairke T0(ran al so
determ ne correct words in

X m X k). In this case, a frequency dividing coefficient

N of the frequency divider 30 is also multiplied by r.

Fig. 9 is a block diagram showing a configuration

of a disk recording and playback apparatus 51 for

recording data and reproducing data recorded in the data

area 26B of the optical disk 26 having the disk ID

information recorded in a manner as described above in

its BCA 26A.

A CPU 61 controls parts of the disk recording and

playback apparatus 51 according to an operating signal

inputted from an operating unit not shown in the figure

to thereby record data and reproduce data recorded in the

data area 26B of the optical disk 26. In reproducing data

or recording data, the CPU 61 outputs the disk ID

information of the optical disk 26 retained by a register

71 to a decryption processing unit 74 or an encryption

processing unit 75. Also, the CPU 61 generates a control
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each of the blocks by majority and then performerror correction processing
on a code generated by collecting correct words. For exanple, when a first
word in the first block coincides with a first word in the second bl ock and
a first word inthe third block is different fromthe first words in the
first block and the second bl ock, the first word in the first block (or the
second bl ock) is used as a correct word. When a second word in the second
bl ock coincides with a second word in the third block and a second word in
the first block is different fromthe second words in the second bl ock and
the third bl ock, the second word in the second block (or the third bl ock)

|5 used a5;RnGe" ECLMIL o BEboCdhiPalo MM A1, onl] LGRS T I

manner on t asis of the majority rule to reconstruct a single piece of

disk 1D ipfar i Th tthe di_sk | D | { i.S subjected to error
correctioggﬁrggéggg%g?lggaﬁs%gsguEéﬁg%%g%§QEghg;q§ﬁgsq%éproduced Wi t hout
using a tracking_ servo, as described, aboye. Therefore, .when the reproduci ng
operation is reggg?eﬁ?§vﬁe??BFﬁ%% Beé?_ggppﬁkgfi?Q 8Pt?8?gtpbﬁgu8f t he
optical disk 26, a different ,reprodyction result &;eproduqed data) may be
30 obtafhe8eBkcilse 6PegLEirGhPPry iEHion &F tdf QP ticRdkitF odS 4on or t he

| i ke. Accordingly, the reproducing operation or correcting operation can be
per f or redtBeebagipl gfalthey contredafilgns lofl npd test ifesm dibsek CPY 6As a second
enbodi nent, nodul ati on of disk ID information using a 4-1 nodul ation for
recor di ngandl hlpexeffectestrab&dngFicgntx®lsiemis fcdissleondrodc @fdi ng f or mat
inthis case. Also in this case, as in the first enbodinent, the circle of
t he BCA 26Reobptheadpricalpdédk o6 the diaviidedfi At ¢rialvkdagegualomart s,
t hereby form ng three bl ocks. Each of the blocks is formed by two frames
each havi agjgaal (TK) and a focus error signal (FS) supplied from a

matrix amplifier (MA) 65. A spindle motor 62 rotates the

optical disk 26 at a predetermined rotational speed under

control of the servo control unit 63.

In reproducing the disk ID information, the optical
disk 26 is rotated by a CAV (Constant Angular Velocity)
method.
The optical pickup 64 is held by a specified sled

mechanism so as to be able to move in a radial direction

of the optical disk 26. When data recorded on the optical

disk 26 is to be read, the optical pickup 64 irradiates

the optical disk 26 with a laser beam according to a

control signal inputted from the servo control unit 63,

receives the reflected beam, converts the reflected beam

into an electric signal, and then outputs the electric

signal to the matrix amplifier 65. When the optical

pickup 64 records new data on the optical disk 26, the
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sync block SA or SB at the front. Each of the frames has a frane sync of 14
channel bits, and its information bits are 212 data bits. The 4-1
nodul ati on converts data of 112 bits into 392 channel bits, and therefore
t he nunber of channel bits of a single frame is 406 (hence, n =3, m- 2,
and k = 406). Disk IDinformation of 224 bits, that is, 28 bytes can be
recorded in a single block. As shown in Fig. 13, the 4-1 nodulation is a
nodul ati on net hod that nodul ates two data bits into seven channel bits.
First three channel bits forma sync pattern denoted by "010", and
succeedi ng four channel 31 bits forma data portion, which indicates data
by a posit] "l WLt Ay n. C n i.ts. n .datg bits
bef ore thébggagia %Sﬁwgrgh"b%??dggggaa?ggpgkfggéiigwg%oggwgl%ﬁe% two data
bits befoie t he nndulat%gn re."C&",dthe daha ggrti n_is_"0100"; when two
data bitstBEFOrRSFHe RotlifabPBhSaPE 926°, PR UG5S SSPFiSn is "0010"; when
two data biés before the nzdulathon re "11", tFe data portion is "0001".
One word PRIFLPREA™ LYt he’ LofBi hBEF €BYeR EREANEN CHPEY GPERhE sYHE pattern
and the data portion,. In_the PE npdul ation nethod used in the first
embodi ment3tag@EeantfBers bRe| BQFLaRl" BE6kaAR-| ogical "1s" appear.
Accordingly, in that case) substantially half of the reflecting filmin the
BCA 26A i s renmpvEie ™afiide afmerf IRhde S iIBFrQeRs 0 WRlusE¥®dh, a ratio of
logical "Gs" to logical "1s" is 5:2. Accordingly) the anount of reflected
light is impgetedhfinomhehedbeki¢®li pioknnt Pén andr tbendedtbytshe PE
nodul ation. Thus, the 4-1 nodul ati on has an advantage of naking it easier
to ef f ectreproducedt svgnslichf adatacasrcespondiinar tngthhedieddiing of data,
for exanple. Also in this exanple) the ECC format of the disk ID
i nf or mat i Dinf o Bmié btosarecasde@stni bed BCAh26Rf ef enne bptErgl Biskhe disk ID
information is encoded by an RS (32, 32

26 to an LPF 66. Also, the matrix amplifier 65 generates

a tracking error signal whose signal level changes
according to an amount of tracking error and a tracking
error signal whose signal level changes according to an
amount of focus error, and then outputs the signals to
the servo control unit 63. In addition, the matrix
amplifier 65 outputs a reproduced signal of data recorded
in the data area 26B of the optical disk 26 to a
demodulation unit 72.

The LPF 66 removes a high-frequency component of
the signal inputted thereto to thereby suppress variation
in the reproduced signal caused by noise, and then
outputs the result to a comparator 67. The comparator 67
binarizes the signal inputted thereto by comparing the
signal with a predetermined level. A demodulation unit 68

samples the signal inputted thereto on the basis of a
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16, 13) code of GF (28), and 12-byte parity is added to form one bl ock. The
sane block is witten triply around the disk. Figs. 14A and 14B each show a
sync pattern of a frane sync in the second enbodinent. In the 4-1
nodul ation, the position of a logical "1" is fixed in a sync pattern of
t hree channel bits. Therefore) when attention is directed to the | ogical
"1s" of sync patterns occurring after every other logical "1", the | ogi cal
"1s" of sync patterns invariably have an interval of "7" Thus, a sync
pattern can be forned by breaking the regularity of the interval at which
every other logical "1" occurs. A sync pattern "01000010010100" where the
i nterval s_at ich ry.oth ogical "1" curs a "8 and 6" as
shown 1o Frap {125 "FESERY16RVER eq PRESR, o hyafEE RBSR IA S hat tern
"01000101001000" mherf the, interval s at .which egeré ot_her Iggical "1
occurs arBKgS ghanpal POt LABWRCFReEF§On14BeFSOLBE 48MRI8EEEAG sy nc
pattern SB, Thus) in the second_enbodi nent, a frane sync of 14 channel bits
i s insert &l kRbSt FRS® SKE | EppeevtaFAg™! or ARE. thEE. O¥5PEESa BROCKk di agr am
showi ng a configuration of a disk ID recording apparatus 11 for recording
the 33 ®HesklFDractoriffgl(EoreheCheebnandnbodrrent . UPAtt $0cordesponding to
those of the disk ID recording apparatus 11 described with reference to
Fig. 8 arsamplkingf¢bechynumeexaperrepbather alnthal §iskndst Reitr tdescri ption
will be omtted where appropriate (the sane will apply hereinafter).
Specificabéyn Xhe & &k X Db racormj ngnappasatusuhéroéaki gallibshhasthe sane
configuration as that of the disk ID recording apparatus 11 of Fig. 8
except that the disk ID recordimg HppasatdesdtibédFwiithlbeEsrpnowi ded with
a 4-1 nodulation unit 111 in place of

to Fig. 4, and p is an integer of two or more). The ECC

unit 70 supplies the demodulated data (disk ID
information) inputted thereto to the register 71 for
storage.

In the meantime, the demodulation unit 72
demodulates data (contents data) supplied from the matrix
amplifier 65, and then supplies the demodulated data to
an ECC unit 73. The ECC unit 73 subjects the demodulated
data inputted thereto to error correction processing, and
then supplies the result to the decryption processing
unit 74. The decryption processing unit 74 decrypts the
contents data supplied from the ECC unit 73 on the basis
of the disk ID information supplied from the register 71,
and then outputs the result to an apparatus not shown in
the figure.

The encryption processing unit 75 encrypts contents

data inputted thereto on the basis of the disk ID
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the PE nodul ation unit 22 in Fig. 8. Therefore, operation of the disk ID
recordi ng apparatus 11 of Fig. 15 is the sane as that of the disk ID
recordi ng apparatus 11 of Fig. 8 except the nodul ati on net hod. Wen the
disk 1D recording apparatus 11 of Fig. 15 records the disk ID recording
format as described with reference to Fig. 12 on the circle of the BCA 26A
of an optical disk 2b, a PLL may be operated such that one rotation of the
optical disk 26 is in synchronismwith n X mX k of Fig. 12. For exanple,
when the wave nunber of an FG signal outputted froma spindle nmotor 27 is
42 and then a frequency dividing coefficient N of a frequency divider 30 is

set at Sghebhiaeyche b ighAmieln Clinek: iU off [ rom &P 33 becomes
equal to 1/(3 X 2 f of one rotation of the optical disk 26. The

conflgur%hl Qe ftiedE guﬁchkgg_egggglgl Ayback apRar o§n§% g%r recordi ng

data and reproduci ng ata recor ata area 2 the optical disk

26 havin the %I%krh |g@gwn§|ég1g OQQF éJg}dlSKi|D recordlng
apparatu dff Sy h&°- £ 3 "ot Tt hod |s ba5|égrf gy as shown in
Fig. 9. However) proce dulatlon uni t 68 of t he di sk recording
and playgééﬁ ap 5F§F§ %g cﬁlf?gf ¥ OHRHA e t?ﬁf%ﬁﬁnﬁﬂnéh?on uni t

68 shown in Flg 9. Channel position correctlon made by the denodul ati on
unit 68 WPPML1B&igBs¥Pibed’with reference to Figs. 16A through 16G Also in
this case, as in the first enbodi ment) description will be nmade assum ng
that p = 3. A rkpragieelcpiishaldes orh PPL§Calch) sbufBut BeBaBREFCan LPF 66
is binarized by a conparator 67, and then inputted to the denpdul ation unit
68 as a bpnacezedipkt 98i.gral a( ﬁegl.lcm@)u.cfme merodu | % iion inser g8l del ays
the binarized pit signal inputted thereto by a certain tinme and generates a
pit centéntei gndlrif¢’Ei §1 aBDyetvdiredi.seShpr driivel $lasuapdénter of a period
in which the binarized pit signal is a logical "1". The denodul ation unit
68 program read from the magnetic disk 91, the optical disk

92, the magneto-optical disk 93, or the semiconductor

memory 94 to the CPU 61.

Operation of the disk recording and playback

apparatus 51 will next be described. When the optical

disk 26 is inserted into the disk recording and playback

apparatus 51, the CPU 61 controls the servco control unit

63 to rotate the spindle motor 62 at a constant angular

velocity (by the CAV method). This velocity is the same

as the velocity at which the spindle motor 27 of the disk

ID recording apparatus 11 of Fig. 8 rotates the optical

disk 26.

At this point in time, the servo control unit 63
moves the optical pickup 64 in a radial direction of the

optical disk 26 to play back the BCA 26A of the optical

disk 26.
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i ncl udes a wi ndow generator for generating a wi ndow for counters 1 to 3 and
sync pattern detection (that is) a 35 w ndow for reading a binarized
signal of a reproduced pit when the value of the counter 2 is "0" to "2")
(Fig. 16C). The counter 1 (Fig. 16E) counts the nunber of clocks (0 to p-1)
wi thin a channel bit. The counter 2 (Fig. 16F) counts the seven channel
bits of the 4-1 nodul ation. The counter 3 (Fig. 16G counts the nunber of
words of the 4 1 nodul ation. The channel position correction is nmade so
that the value of the counter 1 becones "1" when a pit center (Fig. 16D) is
detected. For exanple t he val ue of the counter 1 is corrected to be "1" in

timng Cin Fig.,1 C t i.s _detecte addi.tion, word
position correct T A" ucg@eggggtﬁ %pa%g| géﬁ %BFFPSQIE€B)96Fk§ Psync
pattern i center ndow .(Fi For exanple, the

| t ed t 16C
D es ot BaneSas BRnat e E B B Flarta Bty I e e g

D. Aplurality of franme syncs are arranged at equal |ntervals for one
rotation SPmPﬁéaﬁﬁfléalVdPSQhEGLPfhéﬁeFGr@ didesdrad a Th&me sync of a
frame is not detected, it is possible to reproduce data succeeding the
frame synBeWPEHbAELPBsYNat 6Re SaaPaesn thife Hasitd 2514 idater foRatbtRy ti m ng of
a frame sync previously detected. As shown in Fig. 17, when a frame sync
("01000010609010be gpmPETEGOX0$G0LO0GhE @@§Gﬁi@&jaMsﬂmp&ang redferkence to
Figs. 14A and 14B is detected, the values of the counters 1 to 3 are
initializedppdie@" frbmstheptinemtwi biscidiatibe B@de anfd aheasby as a third
enbodi nent) in which the ECC format of disk TD information recorded in the
regi ster @émo&utaeededhbydanalRS AB2o, 16he lddme@deaol ofFuft28) 68s shown in
Fig. 18, 16 byte parity is added to form one bl ock, and the same
performs processing for correcting channel bits and words.
The processing will be described later in detail.
The demodulated data outputted from the
demodulation unit 68 is supplied to the ECC unit 70 to be
subjected to error correction processing based on an
error correction code. The result is supplied to the
register 71 to be stored therein. Thus, the disk ID
information recorded in the BCA 26A of the optical disk
26 is stored in Fhe register 71.
When a command to record contents data is issued,
the CPU 61 controls the servo control unit 63 to rotate
the optical disk 26 by a CLV method via the spindle motor
62.
The encryption processing unit 75 encrypts contents
data inputted from an apparatus not shown in the figure

on the basis of the disk ID information stored in the

register 71, and then outputs the contents data to the
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bl ock is subjected to 4-1 nodul ation and then witten triply around the
disk. In this case) as shown in Figs. 19A and 19B, a sync pattern of a
frame sync is forned by adding one word as sync ID to each of the sync
patterns SA and SB described with reference to Figs. 14A and 14B. A sync
pattern of a frame sync thus has a total of 21 channel bits. Hence, the
sync I D nakes it possible to represent four kinds of sync patterns by using
each of the sync patterns SA and SH and thus forma total of eight sync
patterns. Accordingly) as shown in Fig. 20) it is possible to divide one
bl ock into eight frames. In this ease, n = 3 and m= 8. Data of 32 bits is
di sposed i fr . a..ls.converted i nt :%anQ%L its by 4-1
nodulatioﬁ?xgﬁglghg?gfogggt §Ev§F3§ 2? %dig f§3%%ﬁ§%ﬁe bits]f£f21 + 112).
The optical di sk is far exanple a CD .(,Co ct 37 Di sk an MD

(Vi D oo T B g oo TR S0 e hetns e e £ es of
processin steps,descrLbe%labove al so be carried out by software. The

sof tware PEICKSEAMTed itorh®a AR rdisty RWH it %% ®r where
progr ans fornin% the software are incorporated in dedicated hardware, or a
gener al - p§OPEEE te f8SRalt oc SAsUIA U Iadd Ak bl te, 7 Ihi R ec A9 pdaftdom var i ous
functions by installing various prograns thereon. Exanples of the recording
medi um i n&rdde 7gr BgdahteSortded qeadieade Medica dintrterhitfePn ches BEC t o
provide a program separately fromconputers, such as the nagnetic disks 41
and 91 (i meligdi’hgbil Gyey Pdi SlePhod lexr @matder divsde¥rmimed?2 (i ncl udi ng
CD- ROM (Conpact Di sk-Read Only Menory) and DVD (Digital Versatile Disk)),
t he magnemodopkitdan dieshedd3 aaudd tO@n( ioudipwdisng-HeD Keuditidisk) ), or the
sem conductor nenories 44 and 94, as shown in Fig. 8, Fig. 9) or Fig. 15.
As descri kedtahage datthe tei she idpe iradompdickgpresdi uMThe optical

pickup 64 records the contents data inputted from the

modulation unit 77 in the data area 26B of the optical

disk 26.

When a command to reproduce the contents data thus

recorded is issued, the CPU 61 controls the servo control

unit 63 to rotate the optical disk 26 by the CLV method

as in the case as described above. The optical pickup 64

plays back the data area 26B of the optical disk 26, and

then outputs the reproduced data to the matrix amplifier

65. The matrix amplifier 65 supplies the reproduced data

to the demodulation unit 72. The demodulation unit 72

demodulates the reproduced contents data inputted thereto

by a demodulation method corresponding to the modulation

method of the modulation unit 77, and then outputs the

resulting data to the ECC unit 73. The ECC unit 73

subjects the demodulated data inputted from the
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according to the present invention conprises: n blocks arranged by dividing
a circle of a second area into n equal parts; and mframes arranged by

di vidi ng each of the blocks into mequal parts; wherein auxiliary
information is arranged in the frames in such a manner as 38 to be at
equal intervals in a circunferential direction, and a synchroni zation
signal is disposed in each of the franmes. Therefore, it is possible to
realize a disk allowing the auxiliary information to be read easily and
reliably without using a PLL. The di sk recordi ng apparatus and the disk
recordi ng nmethod according to the present invention formn bl ocks by

di vi di ng S nd .area _af isk into n egual parts_ in a circunferential
directi orﬁf‘la %%a?rt]]fornar}lensmo?%i%? |$1%°rea% T o ERR T bPERREPF MY’ ntRYual parts
in the circunferential directi qﬁdggn rate ch nne% cl ocks by dividing each

of the fr&ifds TS 4% dddi Hit nfto? FothEFoR®of YR ht®%i sk so that one

rotation of the disk i s in synchronismwith a cycle of n X m X k channel
cl ocks, MEFARSSSE REENLtardt i nFELMEEICTY RS AP IPLESS 1% (Wi tcdnnel cl ocks,
and then record the auxiliary information on the disk. Therefore) it is
possi bl e des Y@4S ey cHnie i cﬁ/ﬁq’ffg terc Bt ¢4 a?9nero atdh to be
reproduced easily and reliably without using a PLL. The di sk playback
appar at us nand telde fdiogk thleaEsHt Riet Hol erecorelivrsi® ehetlpr edesk IBventi on
sanpl e a reproduced signal froma disk by a clock having a frequency tw ce
n X m X Kndormaghieon igph tdenbdidoan elohamel stet s71 orambridsemhi | e correcting
the channel bits, 39 or the words. Therefore, it is possible to reproduce
auxi | i ar putplarsmathieoresaditd \toanrcth reglpaadd yusvidwoudhase nch aal®} L. I n each of
t he above cases, when a plurality of
figure.
As described above, encrypted contents data 1is
recorded in the data area 26B of the optical disk 26.
Therefore, even if the encrypted contents data is copied
onto other disks as it is by a computer or the like, it
is not possible to copy the disk ID information, thereby
preventing decryption of the contents data. Thus, it is
possible to practically control illegal copying of
contents data in large quantities.
The channel position correction made by the
demodulation unit 68 will next be described with
reference to Figs. 10A through 10E. In this case,
description will be made assuming that p = 3.
A reproduced pit waveform (Fig. 10A) outputted from
the LPF 66 is binarized by the comparator 67, and then

inputted to the demodulation unit 68 as a binarized pit

signal (Fig. 10B). The demodulation unit 68 includes
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bl ocks are provided and auxiliary information is witten multiply) it is
possible to equivalently forma product code and thus realize a high
correction capability. Since the circle of the disk is in a substantially
physically uniformstate, it is possible to reduce effects on a focus servo
and the like and to control deterioration of the disk. Even if a defect is
caused on the disk) it is possible to correct channel bits, or words. It is
therefore possible to achieve high reliability in reproducing auxiliary
information. Al so, the redundancy of a synchronization signal nay be at a

| ow | evel . The present invention is not |limted to the details of the above

describegggg%g?erdt% OQ'%ﬁéEﬁumﬂhe sgggeggpnkgg hnv%q '0Q0k§ defined by

t he appen ai ms an hanges an |cat|ons fall"'within the
eqU|vaIence 8f the sco erpf th clal qre q§ref to Qﬁlenbraced by the
i nventi ofic“46° APHE g R fﬁﬁiﬁ recoﬁﬁl ntrlcally

recordlng aUXI| % |nfornat|on of g in a second area other than a
first arBatrorT ?%c PR hgT cont Ehfs aQP GPUBEFItEPSRUBReE Bfed®Per ni ned code
conpr|S|ng n bl ocks each obtained by dividin g said second area into n
equal anpRlabditsc @it EhentFiBamodiviedtiioon; ARE APRP&REs3ed€RJobt ai ned by
d|V|d|ng said block into mequal parts in the circunferential direction;
wherei n $8Fd 8aRPEBatpei Augbeat odn bigsar(warged iof Sdied B anes in such a
manner as to be at equal intervals in the circunferential direction) and a
synchr oningduilatiiongnal is di sposed in each of said franmes. 2. A disk-Like
recording mediumas clained in claim1 wherein in one of said franmes. k
channel bits artharchamgedl apbosinttonatsrobtainedibymddei dyng said franme into
k equal parts. 3. A disk-like recording nediumas clained in

utilizing the fact that in the PE modulation, bits are

invariably inverted at a center of a pit (that 1is, center

of a word "10" or "0l1l" shown in Fig. 6)}). Specifically, in

timing A in Figs. 10B through 10E, even though the value

of the counter 3 is not changed (even though at a center

of a pit), level of the binarized pit signal is inverted,

and therefore the value of the counter 1 immediately

after the timing A is corrected to be "0". Also, the
3 channel position correction is made by utilizing the fact

that when the same data bits occur continuously, channel

bits are inverted at a point between the data bits

(between the words). Specifically, in timing B in Figs.

10B through 10E, when the value of the counter 3 is

changed (at a point between words), the level of the

binarized pit signal is inverted, and thus the values of

the counters 1 and 2 are corrected to be "0".

A plurality of frame syncs are arranged at equal
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claiml1 or 2, wherein said auxiliary information is nodul ated by a

nodul ati on nmet hod capabl e of word synchroni zation or bit synchronization.

4. A disk-like recording mediumas clained in claim3 wherein said
nodul ati on nethod is a phase encoding nethod or a 4-1 nodul ati on nethod. 41
5. A disk-like recording nediumas clainmed in any one of the preceding
claims, wherein, when a value of said mis two or nore, the nunber of kinds
of said synchronization signals is two or nore and mor |less. 6. A

di sk-1i ke recording mediumas clained in any one of the preceding clains,
wherein an error correction code is added to said auxiliary information. 7.

A di skl Tkeateegndinggedumas gl e AN aus 0l e eceding ol ai .

wherei n i déntrca iS ose eac ocks 8. A disk

concent 11 cARES 8%%? ! %eb?é?&?l'ﬁgge%% seﬁ?reysﬁl& GGt Arbd orher t han 2

first area for recordi ng contents data_of_ ,said di,sk by a predeterm ned code
conpri si ngSORBtaPtngYReEne st Gher BPAEFR] SdisE dbsks §€ﬁéF§H ngHRBSARs for
generating a channel clock corresponding to an interval obtained by

di vi di ng of&enr #heni At §TRMeqEARCpaFt 3 WABRE ASbRecksedgcteaviify 36 | engt h
obt ai ned by dividing said second area into n equal parts in a
ci rcunf erenosalibdlier ot renrafincgeflatat edcagngdingr 4ives foaole Isawiong a | ength
obt ai ned by dividing one of the blocks into mequal parts in the
ci rcunferenithbudi testi of &he deher anedhet hesdkanfdelintlegl ladiimg r equi r ed
42 for recording said auxiliary information; control neans for
control |l i ngimbhat b6naofrasmedsghskpseviibaslgndetetakeidon of said disk is in
synchronismw th a cycle of n X m X k channel clocks; nodul ati ng nmeans for
nodul ating sai d aaxidhewy imfoigmtiDn wined he beshe ofnsai d channel cl ock
generated by said generating neans; and

("00011101XX" or "11100010XX") (Figs. 7A and 7B) is

detected, the values of the counters 1 to 3 are all

initialized to "0O".

The ECC unit 70 is supplied with the demodulated

data (that is, the disk ID information including parity

written triply as described with reference to Fig. 4),

and then subjects the data to error correction processing.

Each piece of the triply written disk ID information is

subjected to error correction. When a result of error

correction of a third block is different from results of

error correction of the other two blocks (a first and a

second block), for example, the results of error

correction of the first block and the second block are

used as the disk ID information under a majority rule.

The ECC unit 70 outputs the error-corrected disk ID

information to the register 71 for storage.
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recording neans for recording said auxiliary information nodul ated by said
nodul ati ng nmeans on said disk. 9. A disk recording nethod for a disk
recordi ng apparatus for recording auxiliary information of a disk
concentrically over a plurality of tracks in a second area other than a
first area for recording contents data of said disk by a predeterm ned code
conprising: a rotating step for rotating said disk; a generating step for
generating a channel clock corresponding to an interval obtained by
dividing one frame into k equal parts where n bl ocks each having a | ength
obt ai ned by dividing said second area into n equal parts in a

ci reunf erenti al oflir eeli g0 a6 (9ener dhed, and JufyAIres, sacl avldl g, ! ength

;
obtai ned by dividing one of the m equal " pa

circunferential. di.rect.i on are generated, the channel clock being required
1 U or bR AP SR 1Y TR 6 radf o8 e SER Srentror
controlling rotation of said disk so t%at one rotgtion of said disk is in

synchr oniSHVEIH O BFAE T 2K FCEhaFTRTTEFOTKRY SOhbEGFERIng step for

nodul ating said auxiliary information on the basis of said channel clock
gener at e BF oM sng of said generating step; and a recording step for
recording said auxiliary information nodul ated by processing of said
modul ati ng stepFon sxp@Pdeskwhen, aAfdirsit ploadbdek tdispdriatsus Mokl ayi ng
back a disk on which auxiliary information of said disk is recorded by a
pr edet er moied ickede widrc entfriicet] [wowdein atlpd wweddnd fotk amkd an a second
area other than a first area, in which contents data is recorded) on the
basi s of fdhaneloxd tisy hdna rghiimt drlvadls iohtdhi ek dxyt di wordi tige ofierét ane i nto
k equal parts where n bl ocks each having a | ength obtained by dividing said
second ameadsnti; nhequdlr rantisdn endittoundearaant el ock r eclié ofi &€ gener at ed
and m

word in the first block (or the second block) is used as

a correct word. When a second word in the second block

coincides with a second word in the third block and a

second word in the first block is different from the

second words in the second block and the third block, the

second word in the second block (or the third block) is

used as a correct word. Other correct words are collected

in a similar manner on the basis of the majority rule to

reconstruct a single piece of disk ID information. Then

the disk ID information is subjected to error correction

processing.

It is assumed that disk ID is reproduced without
using a tracking servo, as described above. Therefore,
when the reproducing operation is repeatedly performed

over a plurality of rotations of the optical disk 26, a

different reproduction result (reproduced data) may be
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frames each having a | ength obtained by dividing one of the blocks into m
equal parts in the circunferential direction are generated, said disk

pl ayback apparatus characterized by conprising: rotating means for rotating
said disk at a constant 44  angul ar velocity; playback neans for playing
back said disk; generating neans for generating a clock having a frequency
twce n XmX k or higher; and denodul ati ng neans for sanpling a signal

out putted by said playback neans on the basis of said clock generated by
sai d generating neans and denodul ati ng said channel bits, or words while
correcting said channel bits, or the words. 11. A disk playback apparatus

as clai megl .0 Gl ALDAO o Wit ere GO 1 ig: £OI4 ol Ny nBANS, .01 making
error correction on the basis o error correction code included in said
auxiliar% i nfQrmation ana. eterginin .correct_ auxiliary i.nformation by

p 135y bACK 4D

maj ori t y PPEREL R OTa WS R 1%y bAEK CANpACAY us TRE FERTPEF SR % ] ai m 11 wherein
said correcting neans nmakes error correction on auxiliary information
obt ai ned °BFTESHO8c On§OFEEGTIRY PRI IR RP e RTEHPTIRD. OV & di sk
pl ayback nethod for a disk playback apparatus for playing back a disk on
whi ch auRlMrady tynPér Fetiedd oo o6 dhft W hicalebirde® by a predet ermi ned
code concentrically over a plurality of tracks in a second area other than
a first area, ihswhighcendtemboddmeanti smpdudedadr of diekbddi s of channel
bits having 45 i nterval s obtained by dividing one frane into k equal
parts whénéommbltdoks usdaly hadi-rig medudigtirprobfical neatdnyd idioviwdilng sai d second
area into n equal parts in a circunferential direction are generated and m
frames eaelkt be described.
Fig. 12 shows a disk ID recording format in this
case.
Also in this case, as in the first embodiment, the
circle of the BCA 26A of the optical disk 26 is divided
into three equal parts, thereby forming three blocks.
Each of the blocks is formed by two frames each having a
sync block SA or SB at the front. Each of the frames has
a frame sync of 14 channel bits, and its information bits
are 112 data bits. The 4-1 modulation converts data of
112 bits into 392 channel bits, and therefore the number
of channel bits of a single frame is 406 (hence, n = 3, m
= 2, and k = 406). Disk ID information of 224 bits, that
is, 28 bytes can be recorded in a single block.
As shown in Fig. 13, the 4-1 modulation is a
modulation method that modulates two data bits into seven

channel bits. First three channel bits form a sync

pattern denoted by "010", and succeeding four channel
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having a | ength obtai ned by dividing
in the circunferential direction are
for rotating said disk at a constant
pl ayi ng back said disk; a generating
frequency twice n X mX k or higher;
si gnal

one of the blocks into mequal parts
generated conprising: a rotating step
angul ar velocity; a playback step for
step for generating a clock having a
and a denodul ating step for sanpling a

out putted by processing of said playback step on the basis of said

cl ock generated by processing of said generating step and denodul ati ng said

channel bits,

A@QALY CAY LA9l L A9 L A9l L Anl . A9l

or words while correcting said channel

bits) or the words. 46

Al A9 .A&Y .A A9 .Al .A5 .AA

-AY A 'ALitélfoéﬁla'éaté pé@kibé,'@hich indicates data by a

position of "1"

data bits before the modulation are

portion is "1000";

modulation are "01",

data bits before the modulation are

portion is "0010";

modulation are "“11",

within the four channel bits.

the data portion is

the data portion is

When two

"00", the data

when two data bits before the

"0100"; when two

"10", the data

when two data bits before the

"0001". One word

is formed by the combined seven channel bits of the sync

pattern and the data portion.

In the PE modulation method used in the first

embodiment,

"1s" appear. Accordingly,

half of the reflecting film in the BCA 26A is removed.

the other hand,

"Os" to logical "1s*

equal numbers of logical

in that case,

in the 4-1 modulation,

is 5:2.

"O0s" and logical
substantially
Oon
a ratio of logical

Accordingly, the amount of

reflected light is larger than when disk ID information

is recorded by the PE modulation.

Thus, the 4-1

modulation has an advantage of making it easier to effect

servo control such as focus

data, for example.

Also in this example,

control during the reading of

the ECC format of the disk ID

information is the same as described with reference to

Fig. 5.

The disk ID information is encoded by an RS

(32,
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A .A3 .AY .A .Ah .AsH .AY .Al Al .A3 .Al Al .A.A& .ASRAS Al .A.A_ A
6k" X(?@, - 5] y{vqgl gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] cal] ca]cTa] cTa!;
=| N/ e$% RSZk} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! = DEs
'$% .kl y| wmhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] ca]
cal ca]ca]cal ca]ca]ca]calca]ca]calcaljcalcal 1 6 7 i
16, 13) code of GF (2%, and 12-byte parity is added to
form one block. The same block is written triply around
the disk.
Figs. 14A and 14B each show a sync pattern of a
frame sync in the second embodiment.
In the 4-1 modulation, the position of a logical
"1" is fixed in a sync pattern of three channel bits.
Therefore, when attention is directed to the logical "1s"
of sync patterns occurring after every other logical "1V,
the logical “1s" of sync patterns invariably have an
interval of "7".
Thus, a sync pattern can be formed by breaking the
regularity of the interval at which every other logical
"1" occurs. A sync pattern "01000010010100" where the
intervals at which every other logical "1" occurs are "8,
5, and 6" as shown in Fig. 14A is set as a first sync
pattern SA. A sync pattern "01000101001000" where the
intervals at which every other logical "1" occurs are "6,
5, and 8" as shown in Fig. 14B is set as a second sync
pattern SB. Thus, in the second embodiment, a frame sync
of 14 channel bits is inserted into the disk ID recording
format.

Fig. 15 is a block diagram showing a configuration

of a disk ID recording apparatus 11 for recording the
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lO%&f()-lOllK—?L# 0%& 1 109& ) 10 LlO%&' 10 & ()-.T10%&R () -
109%& ()-9% =ri K- 7L io%‘(‘%}%@’ibﬁ’ ?k gLig 58" B @ pihypack
109 ()- L) @O%&: %) L' 109%&' () - 9%L0% ().- r LNOP UKLYllO%&' () 101010F <" 100
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%@ ()- 10%@' ()- 10%G& ()- 10%& ()-1 10%& ()-6 0  !iK-K % 10%& ()-
#LO%@ () - FEO9ERS() 1200@= (- @ffew@B(Pf@Ff@O/@tefallé@@ gf. having
1 @211 11"<"i KK 310%@& () -1 110%@& () - S/ 10%@& () - 9- 10%@ () 3+510%@& ()-,)-
10@@& O)- &tggy@&s@)la"pn'bTmat#pg|Kegpg@@ﬁ Py ‘the disk ID recording
310%' ()- 10@0@0@ < 10%@& ()-9 L0%@ ()- 7L0% () - 5L0%UG () - HLA#### $CSs$i K
-K  10%&' (ppbade@ug) 1110%R'the- ¥F10%@du)lat@n method is basically
109%& () - y10%& ()- s@O%& ()- s$$$UTIRER6 K- K ' 109%& () - L%
1098 () - #YROYEafp- 2k $00&n()in FOYE O).- LAOWE: ¢, L d068S () 9808k &ES.
i K- KLy5109%& ()-L" 3 10%&' ()-9Y1310%&' ()-' S/ 100& ()-L9-- 10%& ()-9
+109%& ()- JARBBLLRtibh' Uni't sBKby5LAMRALsk1aUeoE ihg and playback
109%&’ () -101010Y" < 109%&’ () - 99310%& ()- 710%& ()-' +(9(c((()7)i K-K
10%&' ()-S10PBahtas0%E (k- 81@%&renht3 fE@OVRhA)- 831QUE Gpmodulation
100& ()-7)q)))) *9* Qi K- K 3+100%&' ()- ) 10%& ()- & | 10% () -
YWO0%E ()- #AQ¥RE6) sBo¥kQV%En( Fig@ $0%& () - Q* ***+N++i K- K 9
109& ()- 7@O0%: ()- 53100& ()- 310% ()- |110%& ()-sS/ " 10%& ()-
9- F10%&' () - ++++++oiPnhdl FodP¥ok )correction made by the

demodulation unit 68 will be described with reference to
Figs. 16A through 16G. Also in this case, as in the first
embodiment, description will be made assuming that p = 3.
A reproduced pit waveform (Fig. 16A) outputted from
an LPF 66 is binarized by a comparator 67, and then
inputted to the demodulation unit 68 as a binarized pit
signal (Fig. 16B). The demodulation unit 68 delays the
binarized pit signal inputted thereto by a certain time
and generates a pit center signal (Fig. 16D) that rises
precisely at a center of a period in which the binarized
pit signal is a logical "1". The demodulation unit 68
includes a window generator for generating a window for

counters 1 to 3 and sync pattern detection (that is, a
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10 () YAAE L) 3 A ) on T VPG AT A (3¢ 520% & (-
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sync pattern is located at the center of a window (Fig.
16C). For example, the values of the counter 1 and the
counter 2 are corrected to be "1" in timing D.
A plurality of frame syncs are arranged at equal
intervals for one rotation of the optical disk 26.
Therefore, even when a frame sync of a frame is not
detected, it is possible to reproduce data succeeding the
frame sync without loss of the data on the basis of
interpolating timing of a frame sync previously detected.

As shown in Fig. 17, when a frame sync

("01000010010100" or "01000101001000") described with
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pattern of a frame sync is formed by adding one word as

sync ID to each of the sync patterns SA and SB described

with reference to Figs. 14A and 14B. A sync pattern of a

frame sync thus has a total of 21 channel bits. Hence,

the sync ID makes it possible to represent four kinds of

sync patterns by using each of the sync patterns SA and

SB and thus form a total of eight sync patterns.

Accordingly, as shown in Fig. 20, it is possible to
divide one block into eight frames.
In this case, n = 3 and m = 8. Data of 32 bits is
disposed in one frame. The data is converted into 112
channel bits by 4-1 modulation, and therefore the value

of k is 133 channel bits (= 21 + 112).

The optical disk 26 is for example a CD (Compact
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also be carried out by software. The software is
installed from a recording medium onto a computer where
programs forming the software are incorporated in
dedicated hardware, or a general-purpose personal
computer, for example, which can perform various
functions by installing various programs thereon.

Examples of the recording medium include program-
recorded package media distributed to users to provide a
program separately from computers, such as the magnetic
disks 41 and 91 (including floppy disks), the optical
disks 42 and 92 (including CD-ROM (Compact Disk-Read Only
Memory) and DVD (Digital Versatile Disk)), the magneto-
optical disks 43 and 93 (including MD (Mini-Disk)), or
the semiconductor memories 44 and 94, as shown in Fig. 8,
Fig. 9, or Fig. 15.

As described above, the disk-like recording medium
according to the present invention comprises: n blocks
arranged by dividing a circle of a second area into n
equal parts; and m frames arranged by dividing each of
the blocks into m equal parts; wherein auxiliary

information is arranged in the frames in such a manner as
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allow1ng %he auxiliary information to be read easily and
reliably without using a PLL.

The disk recording apparatus and the disk recording
method according to the present invention form n blocks
by dividing a second area of a disk into n eqgual parts in
a circumferential direction, form m frames by dividing
each of the blocks into m equal parts in the
circumferential direction, generate channel clocks by
dividing each of the frames into k equal parts, control
rotation of the disk so that one rotation of the disk is

in synchronism with a cycle of n X m X k channel clocks,

modulate auxiliary information on the basis of the
channel clocks, and then record the auxiliary information
on the disk. Therefore, it is possible to realize a disk
allowing the auxiliary information to be reproduced
easily and reliably without using a PLL.

The disk playback apparatus and the disk playback
method according to the present invention sample a
reproduced signal from a disk by a clock having a
frequency twice n X m X k or higher, and demodulate

channel bits, or words while correcting the channel bits,
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multiply, it is possible to equivalently form a product
code and thus realize a high correction capability.
Since the circle of the disk is in a substantially
physically uniform state, it is possible to reduce
effects on a focus servo and the like and to control
deterioration of the disk.
Even if a defect is caused on the disk, it is
possible to correct channel bits, or words. It is
therefore possible to achieve high reliability in
reproducing auxiliary information. Also, the redundancy
of a synchronization signal may be at a low level.
The present invention is not limited to the details
of the above described preferred embodiments. The scope
of the invention is defined by the appended claims and
all changes and modifications as fall within the

equivalence of the scope of the claims are therefore to

be embraced by the invention.
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n blocks each obtained by dividing said second area
into n equal parts in a circumferential direction; and

m frames each obtained by dividing said block into
m equal parts in the circumferential direction;

wherein said auxiliary information is arranged in
said frames in such a manner as to be at equal intervals
in the circumferential direction, and a synchronization
signal is disposed in each of said frames.

2. A disk-like recording medium as claimed in
claim 1 wherein in one of said frames, k channel bits are
arranged at intervals obtained by dividing said frame
into k equal parts.

3. A disk-like recording medium as claimed in
claim 1 or 2, wherein said auxiliary information is modulated
by a modulation method capable of word synchronization or
bit synchronization.

4. A disk-like recording medium as claimed in
claim 3 wherein said modulation method is a phase

encoding method or a 4-1 modulation method.

41



510%&' () - $310%&' () - Q QJEYNC 10<!

10% & ()--10% & ()-10% & ()-10% & ()-110% & ()-Y 10% & () - QQ@JEYNC 10<!

& 310% & ()- S10% & ()- @0% & ()-10% & ()- 10% & ()-10% & () - SQJEYNC 10<!
L-10% & ()-F+: 10% & ()-,)10% & ()- & 10% & ()-39% 10% & () -, #10% & () - LksdEYN
C 10<! 910% & ()-7 10% & ()-510% & ()-3 10% & ()-110% & ()-f/ MLO% & () - NbC
10<! 109@& ()- 109%@& ()- 10%@& ()-1 109%@& ()- 10: 10: 10:ss<10% & ()-" XdEbC
10<! " 109@& ()- 109%@& ()- @O%@ () - 10%@& () - 10%@& () - 10%@& () - 8p5dELC
10<!, ) MLOY@E ()- & 10%@& ()- %@LOY%EE ()-#' 109%@& ()-! 10%@& () -z

10%@& () - SMVHEbC 1o<l SMLO%EE () - 3MLO%@E’ () - | 1-

109%@& ()- S/ 109¢& (3- Biskolike(Fererdi@m pedimncasoelsingdrip)- 109 ()- 10@
10@ 10@ <109%@& () - 910%@& () - 710%@& () - T4j dEbC
10<! 109%@axY - BABVEE( )-ttel 4k deici iUl A I, 1WA In | 1@1&1&1(; va&ue <! |

Y09 ()-|#. 10%& ()-1 & 109& ()-S 10%& ()-| Z, LO%& () - 10% thb

10<! | | 119804 () | Y o@‘f&O()Or 1 B () - DROPLI| @’ ?‘ o@&‘ - H~dYNC
10<! 10 égnéﬂréﬂé’a@l&ﬁ é%ﬂ&f@ {3- Evl&%r (&ofélm@ nﬁ)of 314&&@ ()--hJdEYNC
10<! F 10% ()-F 109& 00&' ()-F 109& ()-F& 109 ()-F S 10%& ()-JX;
ndEYNC 10<!

6. A disk-like recording medium as claimed in
any one of the preceding claims, wherein an error
correction code is added to said auxiliary information.

7. A disk-like recording medium as claimed in
any one of the preceding claims, wherein identical data is
disposed in each of said n blocks.

8. A disk recording apparatus for recording
auxiliary information of a disk concentrically over a
plurality of tracks in a second area other than a first
area for recording contents data of said disk by a
predetermined code comprising:

rotating means for rotating said disk;

generating means for generating a channel clock
corresponding to an interval obtained by dividing one
frame into k equal parts where n blocks each having a
length obtained by dividing said second area into n equal
parts in a circumferential direction are generated and m
frames each having a length obtained by dividing one of
the blocks into m equal parts in the circumferential

direction are generated, the channel clock being required
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a cycle of n k channel clocks;

modulating means for modulating said auxiliary
information on the basis of said channel clock generated
by said generating means; and

recording means for recording said auxiliary
information modulated by said modulating means on said
disk.

9. A disk recording method for a disk recording
apparatus for recording auxiliary information of a disk
concentrically over a plurality of tracks in a second
area other than a first area for recording contents data
of said disk by a predetermined code comprising:

a rotating step for rotating said disk;

a generating step for generating a channel clock
corresponding to an interval obtained by dividing one
frame into k equal parts where n blocks each having a
length obtained by dividing said second area into n equal
parts in a circumferential direction are generated and m
frames each having a length obtained by dividing one of

the blocks into m equal parts in the circumferential

direction are generated, the channel clock being required
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a modulating step for modulating said auxiliary
information on the basis of said channel clock generated
by processing of said generating step; and
a recording step for recording said auxiliary
information modulated by processing of said modulating
step on said disk.
10. A disk playback apparatus for playing back a
disk on which auxiliary information of said disk is
recorded by a predetermined code concentrically over a
plurality of tracks in a second area other than a first
area, in which contents data is recorded, on the basis of
channel bits having intervals obtained by dividing one
frame into k equal parts where n blocks each having a
length obtained by dividing said second area into n equal
parts in a circumferential direction are generated and m
frames each having a length obtained by dividing one of
the blocks into m equal parts in the circumferential
direction are generated, said disk playback apparatus

characterized by comprising:

rotating means for rotating said disk at a constant
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frequency twice n k or hlgher, and

demodulating means for sampling a signal outputted
by said playback means on the basis of said clock
generated by said generating means and demodulating said
channel bits, or words while correcting said channel bits,
or the words.

11. A disk playback apparatus as claimed in claim
10, further comprising correcting means for making error
correction on the basis of an error correction code
included in said auxiliary information and determining
correct auxiliary information by majority rule.

12. A disk playback apparatus as claimed in claim
11 wherein said correcting means makes error correction
on auxiliary information obtained by collecting portions
determined by majority rule.

13. A disk playback method for a disk playback
apparatus for playing back a disk on which auxiliary
information of said disk is recorded by a predetermined
code concentrically over a plurality of tracks in a

second area other than a first area, in which contents

data is recorded, on the basis of channel bits having
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having a length obtained by dividing one of the blocks
into m equal parts in the circumferential direction are
generated comprising:

a rotating step for rotating said disk at a
constant angular velocity;

a playback step for playing back said disk;

a generating step for generating a clock having a
frequency twice n X m X k or higher; and

a demodulating step for sampling a signal outputted
by processing of said playback step on the basis of said
clock generated by processing of said generating step and
demodulating said channel bits, or words while correcting

said channel bits, or the words.
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